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Description 

Background of the Invention 

5 This invention relates to Theological additives lor aqueous systems. Rheological additives are chemical materials 

which, when added in relatively small amounts to a system, change the system's rheological properties - its properties 
of viscosity, leveling, settling, flow and the like. Such additives, often referred to as thickeners, are also sometimes 
designated as viscosity modifiers, gellants, thixotropic additives, suspending agents, rheology modifiers and viscosrfiers 
Aqueous compositions where such products have proved useful include paints, particularly latex and othe' wa- 

>o tcr-miscible paints, and other coating compositions. Aqueous inks also employ such additives, as do a wide variety o*' 
other aqueous systems. In these aqueous compositions the operation ol the rheological additive changes and improves 
their rheological properties, for example, to obtain a proper viscosity in order to maintain the dispersion, suspension end 
emuisification of pigments, binders and other solids therein. The application properties, such as flow, levelling and sag 
of such systems and their shelf lives depend almost exclusively upon the rheological additive incorporated into the 

is system. It is generally understood that rheological modifiers are one of the most essential paint and coating components 
Among well-known rheological additives are clays and organic and polymeric thickeners. These rheological add I ves 
have been described, for example, by Van der Watt and Goodman in Clay and Clay Materials , Volume 9. page 558 
( 1 960) and McCormick, Gok and Schulz, in Encyclopedia or Polymer Science and Engineering , Volume 17, page 730 
(1939) 

20 Clay minerals are a group of minerals composed essentially of hycrated aluminum silicates. Among common c ays 

are montmorillonite. kaolin, illite, saponite, bentonite. hectorite, beidelltte : stevensite. attapulgite and sepiolite. These 
minerals are described in Applied Clay Mineralogy , R.E. Grim. McGraw Hill. NY (1 962) Important types of ciay minerals 
used for rheological additives in aqueous systems are bentonite and hectorite. which are obtained from various depos ts 
Hectorite deposits typically contain about 50% hectorite by weight, the other components being mainly calcite and coi- 

25 omite. and sometimes feldspar. Rheox. the assignee herein, maintains a mine in Hector. California, and provides hec- 
torite to the United States market for use as an aqueous thickener. These clays are usually benefic fated by remov rg 
the impurities, for example, by preparing a water slurry, centrifugaticn. separation of the purified clay, and drying of tre 
clay by various methods, such as spray drying. 

Among the organic and polymeric rheological additives for aqueous systems are guar gum. tragacanth gum. pecan 

30 xanthan and alginate, which are often called natural organic thickeners; hydroxyethylcellulose and methyl cellulose 
which are modified cellulosics derived from wood: and synthetic polymers or copolymers. 

Commercial thickeners for latex paints available today are mostly cellulosic - based or polymeric thickeners wn ch 
thicken the aqueous vehicle or carrier of the paint. Such thickeners are relatively expensive and, at the same time, have 
often failed to provide the necessary rheology to achieve better viscosity control, spatter resistance and flow properties 

3£ as demanded by modern paint and coatings manufacturers. 

Latex paint compositions are used extensively for both utility reasons and as decoration it is highly desired thv. 
such systems be flowable during their application, but that they not sag after they have been applied. It is further desired 
thai, while being applied, the coatings remain on the substrate and not spatter into the application area. It is st/JJ f urine' 
desired that such latex systems be stable at a variety of both low and elevated temperatures (and for a sufficient oencci 

*o of time), so that their properties do not change upon storage, including storage at non-ambient temperatures. 

The rheological additives used with such systems may be added to the aqueous latex system either during the 
grinding stage or after the pigment has been dispersed, i.e.. as a post-additive. Polysaccandes, such as hydroxyethyl 
cellulose, have dominated the latex paint thickener market almost since the introduction of latex paint on a commercial 
scale. Hydroxyethyl cellulose ("HEC") is a common nonionic water soluble material that thickens and can stabilize wa- 

is ter-based systems. 

However, HEC suffers from several disadvantages not least of which is high cost. In some formulations. HEC is 
responsible for poor spatter resistance. Hydroxyethyl cellulose thickeners are also subject to bacterial and enzymat- 
ic-induced degradation resulting in loss of viscosity and other flow properties, and therefore require the incorporation o : 
antt-biodegradation preservatives when used in paint and coatings. In addition, because these types of tnickeners swell 
so rapidly in water to form lumps which are not readily dispersed, the proper addition of HEC thickeners requires metered 
and slow addition, resulting in long mixing and dilution times. The resulting delays increase the processing cost in the 
coating preparation process. 

^or these reasons and others, a search has long continued for a polymeric thickener to replace r-.EC and similar 
cellulosics which (1) can be employed as a post-additive directly to aqueous compositions, particularly latex paint aro 
ss ink compositions (2) is not biodegradable and is without toxic by-products ;3) yields a lower overall manufacturing cos: 
for equivalent performance with respect to the rneological properties of latex compositions into whic.n it is mixed. (4.- 
prov:des better viscosity-control propenies. and (5) improves storage stability and pigment suspension 

'n recent years this search has led to various synthelic polymeric thickeners prepared as the 'e;dc':cn n'Oduc-s o*' 
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various chemicals. One polyurethane-based type of such polymers is shown in Rheox U.S. Patent No. 5.023,309. A 
second type of polymer is manufactured by copolymerizing together two or more monomers, one or more of which is 
carboxyl-containing. These polymers may have an essentially linear structure, a branched structure or a three dimen- 
sional network structure caused by cross-linking. One of the first such polymers is described in Rheox U.S. Patent No. 

5 4,225.754, issued in 1980, which in a preferred embodiment discloses a polymer made by the reaction of (a) an ester 
of methacrylic acid, (b) methacrylic acid and (c) a vinyl ester of a saturated aliphatic carboxylic acid. This type of thickener 
has often been referred to as an alkali-swellable or alkali soluble latex copolymeric thickener, as it contains carboxylic 
acid groups in sufficient quantity to render the polymer soluble in water following neutralisation with a water- soluble base 
The basic carboxyl-containing polymeric chemistry has been extended by the introduction of hydrophobic entities 

io into the polymeric backbone. U.S. Patent No, 4,384.096 describes an improved water soluble thickener which discloses 
a poiymer which is the reaction product of a C 3 - C 6 a.ft-ethylenically unsaturated carboxylic acid monomer, a nonionic 
vinyl monomer, and from 1% to 30% of a defined vinyl surfactant ester. One of the two vinyl surfactant esters shown m 
the patent is an alkylpher.oxypoly (ethyleneoxy) ethyl acrylate, terminated on one end with a C 8 - C 16 alkyl phenyl group. 
U S Patent No 4.138.381 shows a reaction product of an unsaturated carboxylic acid o1 3 to 6 carbon atoms, alkyl 
acryiate or alkyl methacrylate. and an ester containing an alkyl phenyl group, where the alkyl group has from 6 to 20 
carbon atoms. 

European Patent No. 13,836 describes an acrylic emulsion copolymer useful as a thickener, made by the emulsion 
copolymerization o1 four monomers, which would include a) acrylic or methacrylic acid, b) alkyl acrylate or methacrylate. 
c) an ethoxylated ester of acrylic or methacrylic acid having a hydrophobic group and d) an optional potyethylenically 
20 unsaturated monomer. A 1 987 article in volume 57 of the Proceedings of the ACS Division of Polymeric Materials on 
pages 476 to 461 describes adding by solvation an alkyl polyethylenoxy ether surfactant to an associative polymer with 
a poiyacrylamide backbone. 

A similar variant of a polymeric thickener for aqueous paint and drilling muds is described in U.S. Patent No 
4,421.902. This patent discloses a co-polymer which can be the reaction product of monomers including methacrylic 

2£ acid, ethyl acrylate, optionally a defined copolymerizable ethylenicaily unsaturated monomer, and a small weight percent 
of a polyethylenically unsaturated monomer. This patent further describes how a wide range o! surfactants can provioe 
enhancement of thickening when added to an aqueous system containing the copolymer of the invention, when the 
emulsion copolymer is neutralized. 

More recently. U.S. Patent No. 4.66E.410 shows a water-soluble copolymer for systems free of mineral oil. used to 

30 adjust the viscosity of the system. This polymer is the reaction product of six components, including methacrylic acid . 
methacrylic acid esters or acrylic acid esters of certain alcqhols. vinyl esters and a surface-active unsaturated ester 
The surface-active ester is terminated at one end with an aliphatic (C 2 -C 30 ) -radical, which can be linear or branched 
a mono-, di- or tri- alkyl phenyl radical with alkyl groups of 4 to 12 carbon atoms, or a block-copolymenc radical of a 
specific type. On partial or complete neutralization, the polymer becomes water-soluble orcolloidally dispersible in water 

3S and car be used as a thickener. Reissue Patent No. 33,008 granted in 1989 shows similar copolymers using as a 
reactant a surfactant, which is made by condensing a polyhydric alcohol with a monoelhylenically unsaturated monoi- 
socyanate. 

Many of the above patents describe commercial rheological additives which have entered the aqueous thickener 
marketplace. For example, Rheox, Inc., assignee of the instant invention, sells a product designated "Rheotate 1". a 
-o rheological additive which incorporates the invention of U.S. Patent No. 4,226,754. This and similar products, while 
effective, have not completely satisfied past needs. Most importantly, they are not expected to satisfy present and future 
needs for effective latex and aqueous thickeners. For these reasons, a search for a superior polymeric thickener has 
continued. The present invention was developed in response to this search, and the long-felt need it represent for a 
product which will impart the required sag resistance, efficiency and viscosity to aqueous systems. 

OBJECT AND SUMMARY OF THE INVENTION 

Object of the Invention : 

so It is a specific object of the claimed invention to provide a highly effective polymeric rheological additive for aqueous 

compositions, particularly aqueous paints and coatings. Such compositions specifically include latex systems, paints, 
coatings, adhesives and drilling muds. 

It is a further object of the invention to provide an additive that can be readily dispersed into the system to be 
thickened, which is easily handled, and which can readily be incorporated. 
55 it is a further object of the invention to provide an additive which can easily be made using available chemical 

materials and current process technology, including known suspension, emulsion and solution polymerization tech- 
niques, on a continuous, semi-continuous or one-time batch basis. 

Other objects, as well as advantages, of the invention will become clear from the following summary *nd description 
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or will become apparent to the skilled artisan, as obvious variations of the instant invention. 
Summary of the Invention 

According to the present invention there is provided a composition ot matter useful as a Theological addrt .e tor 
aqueous compositions comprising the reaction product cf 

(a) about 15 to BO percent by weight of one or more C 3 -C e a,p-ethylenically unsaturated carboxylic acio merer- srs 

[b; about 15 to 65 percent by weigh: of one or more copolymerizable vinyl non-ionic ethylcnicaliy unsaturate z ~ --v 
omers: and 

(c) about 0.5 to 25 percent by we ; cht of one or more vinyl monomers containing an aralkyl substitu".e^i z'z~d\ 
hydrophobe. 

The rheological additive of the present invention is provided by polymerizing at least three different monomer :s 
Other monomers which do not fall within these three groups may also be employed in various amounts provider ~ey 
dc not adversely affect the novel characteristics and efficiency of the resultant polymer thickener. Specifically the- - is- 
omers from which the inventive polymer are prepared comprise the following. 

a) about 1 5-BO weight percent of one or more C 3 - C 8 cx,p-ethylenically unsaturated carboxylic acid moncnors . :-. 
as acrylic or methacrylic acid: 

b) about 15-35 weight percent of one or more copolymerizable vinyl-nonionic ethylenically unsatured mono~e's 
such as ethyl acrylate. vinyl acetate or methyl methacrylate; and 

c} about 0 5 to 25 weight percent of a non-ionic poly (alkyleneoxy) vinyl monomer terminated with an aralkyi = ,~- 
stituted phenol hydrophobe. hereinafter referred to as a hydrophobic phenol monomer. 

Description of the Preferred Embodiments 

The meological additives of the instant invention are alkaii-swetlable copolymers made, using presently avai;=: ~ 
reaciants. by standard chemical reaction processes, and can be made with available chemical apparatus possess:: 
by most chemical or polymer chemical manufacturers. 

The novel polymers, sometimes referred to as copolymers, of this invention require three reactive starting esse- - ~> 
components: (a) about 15-60 weight percent of a C 3 -C 8 a : |3-ethylenically unsaturated carboxylic acid monomer : 
about 15-S5 weight percent of a copolymerizable nonionic vinyl monomer and (c) about 0.5-25 weight percent :" ~ 
hydrophobic phenol monomer. U has been discovered that the eftectiveness of these polymers as rheological add\ . tS 
or thickeners for aqueous systems is critically dependent on these components. Carboxylic acio component (a) prove? s 
the requisite pH responsiveness and ccmpatibility; the nonionic vinyl monomer (b) provides a long chain polyrm ■ : 
backbone and hydrophilic balance; and the hydrophobic phenol monomer (c) provides a unique hydrophobic mc r/.. 
with specific atomic geometry to control the rheology of the aqueous latex system containing the solubilized polyme- : 
thickener. Within the stated limits, the proportions of the individual monomers can be varied to achieve optimum p r c:- 
erties for specific applications. Additional monomers, such as for example polyethylenically unsaturated monomer 
commonly known as cross linking agents, can also be added to the reaction as can macromonomers of the type describe 
in a series of Union Carbide patents of which U.S. Patent No. 5.342,883 and patents cited therein are representative 

a) Carboxylic Acid Monomer: 

The inventive polymer requires about 15-60 weight percent of one or more C 3 -C 8 a : p-ethylenically unsat'J r a*.f z 
carboxylic acid monomer. Monomers include those with the formula: 

Rl 
I 

RCH=C-COOH 



where (a) P is CH 5 and R 1 is H: (b) R is H and R 1 is H C^Ci alkyi or CH 2 COOX; or (c) R is COOX and R 1 is r : ■ 
CH 2 COOX: and X is H or C r C 4 alkyi in (b) and (c). 

Acrylic or methacrylic acid or mixtures thereof are most preferred, but tumanc. itaconic ; mesacontc. crotontc s**: 
ethacrylic acids and other polycarboxylic acids such as maleic acid are also suitable, particularly it used in combine :~ 
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with acrylic or methacrylic acids. It is preferable to have at least about 1 5 weight percent, and most preferably from about 
20-55 weight percent of the carboxylic acid monomer or monomers. 

b) Nonionic Vinyl Monomer: 

In order lo give the final co-polymer the polymeric backbone needed for effective thickening in most uses, it is 
required that about 15-85 weight percent of at least one copolymerizable nonionic vinyl C 2 -C 12 a,[3-ethylenically un- 
saturated monomer be utilized in the polymer reaction, which can be selected from the group consisting of the formula. 

CH 2 =:CYZ 

where 

Y is H and Z is 

-COOR 2 , -C 6 H4R 3 , CN, Cl , 

or -CH=CH 2 . 

Y and Z are CI: or 

Y is CH 3 and Z is -COOR 2 , -C 6 H 4 R 2 . CN or -CH=CH 2 ; and 
=- 2 is Ct-C^ alkyl or C r C 24 hydroxyalkyl: 
P. 5 is H. CI. Br. or C^-Cg alkyl; and 
c4 is C r C l2 alkyl 

Tyoical examples of such monomers are the C,-C e alkyl and C 2 -C 6 hydroxyalkyi esters of acrylic and methacrylic 
acid, ethy i acrylate. ethyl methacrylate, melnyl meihacrylate. 2-ethylhexyl acrylate. butyl acrylate, butyl melhacryiale 
2-hydroxyethyl acrylate. 2-hydroxybutyl methacrylate; the vinyl ester of a saturated aliphatic carboxylic acid such as 
vinyl acetate, vinyl propionate, vinyl butyrate. or vinyl caprolate: styrene, t-butylstyrene. isopropylstyrene and p-chloros- 
tyrene. acrylonitrile. methacrylonitrile, butadiene, isoprene. vinyl chloride, vinylidene chloride, or the like, and mixtures 
thereof. A monomer such as vinyl acetate, or a mixture thereof with ethyl acrylate and/or methyl methacrylate is pcoiorreci. 
The monomers selected must be copolymerizable with the carboxylic acid monomer. It is preferable that it be present 
in an amount of about 15 to 85% by weight, and most preferably in an amount of about 20 to 70% by weight to make 
the inventive product. 

c) Non-ionic Polyalkoxylated Hydrophobic Surfactant Monomer: 

The third monomer component used in an amount of about 0.5-25 weight percent is a nonionic polyalkoxylated 
hydrophobic surfactant monomer. 

The surfactant monomer. 1or example, can be of the formula: 

R 6 O R 5 

R 7 0-[ ( -CH 2 CHO) m (C 2 H 4 0) n ] p -C-C = CH 2 

where R 5 is H or CH 3 ; R 6 is H or C^~C 2 alkyl; R 7 is a compound defined below; n is an average number from about 
6-100 and m is an average number from about 0-50 provided that n > m and I(n-t-m) is from about 6-100. 
Preferred are the acrylate and methacrylate esters selected from the group consisting of: 

1 ) poly(ethyleneoxy)ethyl acrylates of the formula: 

O R 5 

R 7 - ( -C 2 H 4 0) n -C-C==CH 2 

•Ahere R 5 is H or CH 3 , R 7 is a compound defined below and n is about 6-50: and 

2) poly(alkyleneoxy)ethyl acrylates of the formula: 



0 

-OCR 4 , 
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where R 5 is H or CH 3 , R 6 is C y -C 4 alkyl, R 7 is a compound defined below, n is about 6-50 and m is about 1 -40 and 
p = 1 to about 10. 

The R 7 compound can be of the formula: 



R e is a radical bonded to the aromatic ring selected from the group consisting of hydrogen, alkyl. aryl, aralkyl. OR 8 
halo, cyano, COOH, COOR 9 . COONH 2 and OCOR 9 , and where R 9 is selected from the group consisting of alky 
groups, saturated or unsaturated, having 1 to 22 carbon atoms, aryl and aralkyl. 

AA represents an aralkyl group of the type [(-CR 1O R 11 ) X 0] and s is an integer from 1 to 3. 

R 10 and R 11 for each methine carbon of the aralkyl groups are independently selected from tne group consisting c* 
H. C r C 12 linear or branched alkyl. aralkyl and aryl moieties, 

x is an integer from 1 to 12, and 

0 represents an aryl moiety. 

Most preferred is where s is 3: R 10 and R 11 are each H; x is 2; and 0 is phenyl (C G H 5 -). 

Particularly effective is a vinyl arylphenol hydrophobic monomer manufactured by Rhone-Poulenc Corporation unde' 
the name Sipomer SEM-25, formerly designated DV-4343, the latter nomenclature being used hereinafter. This monome- 
contains a R 7 compound of the formula. 




O 




wherein: 
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It has been found that the defined monomer is an important factor in the performance of the resulting polymeric 
thickener. This particular monomer is believed to be copolymerized into the polymer backbone such that yet the hydrophic 
group is pendant to the backbone and separated from it by a large number of ethylene oxide units. This configuration 
coupled with the unique hydrophobe allows the resulting polymer in which the hydrophobe is incorporated to thcken 
not only by an alkali-swellable mechanism but also by an associative mechanism. In an associative thickening mecha- 
nism, it is generally hypothesised that the hydrophobic moieties of the defined monomer are absorbed onto the latex 
particles contained in the system forming a network-like structure. Under the application of shear, the bridged latex 
particles are mechanically separated causing the desorption of the hydrophobic moieties and a decrease in viscosity 
known as "shear thinning". Upon the removal of shear force, the recovery is diflusion-controlled resulting in a viscosity 
increase at a relatively controlled rate resulting in good flow and leveling properties. With the addition of this mechanism 
to the already effective alkali-swellable mechanism, the polymeric thickeners of the instant invention display increased 
efficiency in a latex paint system coupled with improved flow and leveling properties. 

Normally about 0.5-25 weight percent of the hydrophobic phenol monomer based on total monomer units is utilized 
preferably about 0.5-10.0 percent, and most preferably 1.5 to 5.0 percent. Mixtures of such monomers may be used 

A preferred composition of the invention comprises (a) about 15 to 45% by weight of methacrylic acid: (b) about 15 
to 85% by weight of alkyl acrylate. methyl methacrylate or a mixture thereof: and (c) about 0.5 to 1 0% by weight, pref eraoly 
1 .5 to 5.0% by weight, of a poly(ethyleneoxy)ethyl acrylate. 

The monomers described above should be reacted as completely as possible during polymerization. It will be un- 
derstood that since it is possible to obtain a monomer conversion of up to 99%, the resulting polymer will be a random 
copolymer wherein the monomers employed are incorporated into the copolymer at a weight ratio which is substantially 
the same as the initial monomer weight ratio employed. 

The inventive polymers may be prepared by polymerising the monomers by any conventional method known in the 
art such as by solution, suspension, or emulsion polymerization on a batch, continuous or semi-continuous basis. Emul- 
sion polymerisation is by far the preferred system since this route leads to an emulsion of the polymer in water which 
then can be used directly in thickening aqueous compositions, particularly latex paint. 

Typical aqueous emulsion techniques employ an appropriate emulsifying agent for emulsifying the monomers and 
for maintaining the thickening polymer obtained in an emulsified condition which is then easy to use. 

As an example of a preferred embodiment, emulsion polymerization of the inventive polymer is conducted in the 
following manner. A reactor is charged with deionized water and heated. When the temperature of the water in the 
reactor reaches about 40° - 50°C, a suitable emulsion polymerization initiator is added. When the temperature reaches 
about 70° C. about 10% of the total amount of emulsifier to be employed during polymerization is added. 

Typically, the polymeric solids content of the final reaction mixture should not exceed about 50%, and can conven- 
iently be from about 25 to about 35% ; based on the weight of the resulting polymeric emulsion. The particular solids 
content obtained will normally depend on the thickener use and the aqueous system into which the polymer will be 
incorporated. Most preferably, when the polymeric emulsion resulting from emulsion polymerization is to be added ci- 
rectly to a latex paint formulation, the polymer is present therein in an amount of about 25 to about 50% (e.g.. about 
30%) by weight, based on the total weight of the emulsion. 
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The emulsion polymerization initiator used may be one of the free radical yielding initiators such as the inorganic 
persulfates, percarbonates, perborates, and the like or organic peroxides such as benzoyl peroxide ordi-t-butyl peroxide, 
which are usually employed in free-radical-type polymerization systems. Preferably, ammonium persulfate is employed 
as the initiator. Mixtures of initiators may aiso be used. The amount of initiator used is normally in the range of from 

5 about 0.0 1 to about 5.0 parts by weight per 100 parts by weight of the total monomenc material reacted. 

Any suitable emulsifier known by those skilled in the art may be employed to prepare the polymer, including the 
anionic, cationic and non-ionic types. Such emulsifiers can dictate the size and form of the resulting polymers. Exemplary 
anionic emulsifiers which may be employed include alkali metal and ammonium salts of the sulfates of alcohols having 
from 8 to 18 carbon atoms such as sodium lauryl sulfate. Mixtures of the emulsifiers may also be employed. Although 

to any effective amount of emulsifier sufficient to emulsify the monomers and the resulting polymer may be used, it is 
preferred that such effective amount constitutes from about 0.1 to about 20 pans by weight, per 100 parts by weight o' 
the total monomers to be reacted. As stated above, only about 10% of the total amount of emulsifier to be employed is 

initially charged to the polymerization reactor. The remaining amount is added with the monomer charge s discussed 

below 

: 5 The reactor having the water, initiator, and emulsifier present therein is typically equipped with any conventional 

means tor agitation. Other ingredients, such as chelating agents, buffering agents. pH adjusting agents, and neutrali- 
zation chemicals, may also be added. 

A holding tank above the charged polymerization reactor contains the remaining about 50% by weight of the total 
amount of water to be employed. The monomers to be polymerized are then added to the holding tank, and pre-emulsifted 

20 (with mixing), under ambient temperature conditions, by adding the remaining 90% of the total emulsifier thereto. When 
the pre-emulsion technique is not used, the monomers, after being mixed, are added directly to the polymerization 
reactor containing all of the water, initiator, emulsifier, and other chemicals lobe used. The pre-emulsion is then added 
to the polymerization reactor over a certain amount of time. The method of addition ot the pre-emulsion to the polymer- 
ization reactor follows conventional exothermic emulsion polymerization procedures. 

25 Typically, the rate of monomer addition is selected so that it is equal to or slower than the polymerization reaction 

rate at the temperature employed. This insures that by the end of monomer addition substantially all of the monomer 
has reacted. At the completion of monomer addition the reaction temperature is normally raised about 10°C to about 
20° C for a period of about 30 to 60 minutes or more, to insure completion of the reaction. 

If desired, conventional chain transfer agents may be used in the polymerization reaction to minimize or prevent 

30 undue polymeric chain growth, or to control cross-linking and resultant molecular weight increases. The chain transfer 
agents are typically first dissolved in the monomers before the monomers are added to the polymerization reactor or 
emulsified, in the case of the pre-emulsion technique. Suitable chain transfer agents include long chain alkyl mercaptans 
and carbon tetrachloride. Normally, these agents are used in an amount of from about 0.05 to about 5 pans by weight 
of chain transter agent per 1 00 parts by weight of the total monomers to be reacted. 

35 The polymeric product of the present invention, whether used as an aqueous polymer emulsion, solid or solution 

will Ihicken aqueous compositions, particularly aqueous coating compositions, and more particularly latex paint compo- 
sitions upon dissolution of the polymer by neutralization into the aqueous composition to be thickened. 

The amount of the polymer thickener that may be dissolved in any given aqueous composition may fall within a 
wide range depending on the particular system and the viscosity desired. Although any effective amount of the polymer 

^o thickener may be employed for dissolution, typically from about 0.05 to about 20%, preferably from about 0.1 to about 
3% by weight, based on the weight of the final aqueous composition including polymer is used. 

For latex paint compositions, the polymer may be dissolved therein in an amount of from about 0.05 to about 5%, 
and preferably from about 0.1 to about 3% by weight, based on the weight of the total latex paint composition including 
polymer. The mixing of the novel polymeric thickener into a latex paint is particularly easy as the polymer is readily 

4S dispersible. In the normal situation, the appropriate amount is mixed into the latex using paint milling apparatus. 

The polymers ot the present invention can be employed as thickeners for controlling viscosity and rheology of any 
aqueous-based composition. An aqueous-based composition is herein defined to be a composition wherein water com- 
prises from 5% to nearly 100% by weight of the total composition. The inventive polymers may be used to impart rhe- 
ological properties to water by itself (100% water) and water solutions such as those used in metal working fluids. 

50 Aqueous dispersions, emulsions, suspensions, solutions, slurries and the like, may be thickened by the subject polymers. 

The viscosities and rheological profile of the aqueous compositions obtainable with the novel polymeric thickeners 
of this invention depend on the amount of polymer dissolved in the aqueous composition. Thus, the viscosity of a polymer 
present in water in an amount of about 1 to about 5% by weight, based on the weight of the water and polymer, can 
achieve viscosities of from about 1000 to about 35.000 centipoise (cP) as determined from a Brooktield Model RVT 

55 viscometer at 20 rpm. Higher and lower viscosities can be obtained. Typical aqueous compositions include compositions 
to be applied to textiles such as latex inks and adhesives, printing inks including high quality inks used in artistic prints 
latex sealants and caulks, and flat and high gloss paints. 

The polymeric thickeners may also be used when thickening is desired in the purification of waler. used in Ihe 
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recovery of oM from exhausted oil wells by water flooding techniques. Other aqueous compositions to which the polyme*s 
can be added for thickening purposes include drilling muds, cosmetics, paper coatings, varnishes, stains, furniture Ir- 
ishes, latex paints, foundry core washes, and the like. Aqueous compositions include additional compositions to ce 
applied to textiles such as warp sizing liquids and fluid backings for rugs and similar pile fabrics. 

5 Preferably, the polymers of this invention are used to provide viscosity control to latex paint compositions. Examp es 

of lalex paint compositions include those based on resins or binders of acrylonitrile. homopolymers of styrene. copoly- 
mers of acrylonitrile, homopolymers and copolymers of vinyl halide resins such as vinyl chloride, or vinyl esters such as 
vinyl acetate, vinyl acetate homopolymers and copolymers, homopolymers and copolymers of acrylic and methacry z 
acid and their esters and derivatives, polybutadiene, polyisophorene, butyl rubber, ethylene-propylene copolymers 

70 olefinic resins like polyethylene and polypropylene, polyvinyl alcohol, epoxies, epoxy esters carboxylatcd natural a- z 
synthetic lattices and similar resin-polymer latex systems. 

Such latex paints and coatings are well known in the art, and typically comprise an emulsion and a dispersio-. z- 
suspension o< discrete disperable particles of resin binder and pigment, including titanium dioxide, and other enemies i 
in water Furtner optional ingredients often include clay barium sulfate, surfactants, coalescing agents, talc and =■ 

'>£ like. Preferably, the polymer is used in acrylic based latex paints (i.e., where the binder is an acrylic polymer). 

The more usual method of application of the polymers of the present invention for laiex paint thickening is 10 azz 
the polymer in emulsion to the medium to be thickened and. after mixing, to introduce an alkaline material to neutral.ze 
the acid. The major portion of the thickening effect is obtained in a few moments following neutralization. In the presercc- 
of high concentrations of electrolytes, the viscosity development may take longer. This method of applying a copolymer : 

20 emulsion to an aqueous system before neutralization enables one to handle a high solids thickener in a non-viscous 
state, to obtain a uniform blend, and then to convert to a highly viscous condition by the simple addition of a base matc'!= 
to bring the pH of the system to pH-7 or above. 

The aqueous solutions thickened with the neutralized latex copolymers of this invention exhibit good viscosity sta- 
bility even at a pH as high as 12. 

25 The polymers may be utilized in a variety of other ways to provide the thickened latex compositions of the mveniic^ 

When neutralized, these polymers swell in an aqueous system acting as a highly efficient thickener. For example, the 
polymer, whether in aqueous dispersion or while in a dry form, may be blended into an aqueous system to be thickener 
followed by addition of a neutralizing agent. Alternatively, the polymer may first be neutralized in an aqueous dispers c- 
form. and then blended with the aqueous system. 

30 The polymer thickeners may optionally be provided in a dry state in a number of ways. For example, the unneutral zer 

copolymer may be spray dried. It is also possible to spray dry or otherwise dehydrate the neutralized polymer thickene- 
and then reconstitute the aqueous thickener dispersion at a future time and place by agitation in the aqueous medium 
provided the pH of the dispersion is maintained at a proper level. 

The polymeric compositions described above are easily made, and easily dispersed, rheological additives. eqj= 

3S to or better than comparable higher-cost and more difficult to handle cellulosics, with a wide spectrum ol uses. 

The present invention is further illustrated by the following examples. All parts and percentages tn the examples 
well as in the specification and claims are by weight unless otherwise specified. The invention is the composition of the 
polymer and not how it is made 

-0 Example 1 

A number of polymers were made by laboratory polymerization using a variety of conventional monomers with some 
samples, in addition, having as a reaction product 2 or 4 parts by weight of DV-4343, a hydrophobic phenol monome' 
obtained from Rhone-Poulenc. The polymers were used as rheological additives in water at pH=9. The thickened aque- 
45 ous system was then subjected to a standard shear test and the results are plotted on Figure 1 . 

Polymers made with vinyl acetate and acrylic acid at a loading of 4 parts DV4343, designated X and Y on Figure 
1 exhibited a shear thinning behavior similar to an aqueous system thickened with a cellulosic rheological additive 

The following abbreviations are used in Figure 1: 

so VA: Vinyl acetate 

MMA: Methyl methacrylate 

MAA: Methacrylic acid 

AA: Acrylic acid 

DV. Rhone-Poulenc DV-4343 



55 



Example 2 

A number of additional polymers were prepared using emulsion polymerization with conventional monomers use:. 
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at Rheox. Inc. , with the addition of certain amounts of DV-4343 - the raw materials used and the polymerization procedure 
are described below. The polymer samples obtained were used as rheological additives in a standard latex paint, des- 
ignated T-23773, and a series of tests, the results of which are summarized in Tables I to II, were conducted using 
commonly accepted standards and techniques for gauging the effectiveness of latex rheological additives. The paint 
formula for paint number T-23773 is described hereafter. Rheolate 1, a commercially available additive of Rheox. Inc.. 
was used as a control. As described below, the samples made using the invention herein were superior in performance. 

Raw Materials 

A. Pre-Emuisicn 

80 Og - Deionized water 

7.0g = ABEX EP-110 Surfactant (32.15% Active. Rhone-Poulenc) 

40 Og = Vinyl acetate 

30. Og = Methyl methacrylate 

30. Og = Methacrylic acid 

4.69g = DV-4343 (64% Active. Polyethoxylated :ri-styryl phenol methacrylate, Rhone-Poulenc) 

B. Reactor solution 

1 50. Og = Deionized water 

5 Og = ABEX EP-110 Surfactant 

C Initiator 

0 24g = Ammonium persulfate dissolved in 5.0c deionized water 
Procedure. 



A. Monomer Pre-Emulsion 

80. Og of deionized water were weighed into a 250ml 4-neck flask and. while stirring, were sparged with dry 
Nitrogen gas for 30 min. 7.0g of the ABEX EP-1 1 0 were added and stirred for 1 5 min. A mixture of the four monomers 
was added and stirred for 15 min. to form a stable, milky-white emulsion. 

B. Polymerization 

150.0g of deionized water were weighed into a 500ml reaction kettle, equipped with a stirring rod, condenser 
and thermometer, and were sparged with dry Nitrogen gas for 30 min. 5.0g of the ABEX EP-110 were added and 
the reactor water was heated to 68-70°C and stirred at 300 rpm. After the water had reached temperature, 10% ot 
the monomer pre-emulsion was added to the reactor followed by the initiator solution and allowed to react for 15 
min. While the temperature was held at 70°C, the remainimg monomer pre-emulsion was added to the reaction 
kettie over the next two hours. At the end of the monomer feed, the reactor temperature was raised to 80° C for 30 
min. followed by increasing the temperature to 85°C for 30 min. to insure that all of the monomer has reacted. The 
batch was then cooled to room temperature and filtered through a 40 mesh screen. 

After synthesis, samples containing various amounts of the DV-4343 monomer were evaluated, along with com- 
mercially-available controls, as rheological additives for water-based paint systems. The paint formula for paint number 
T-23773. an acrylic latex paint formula, is given below: 
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Material 



Pounds 



Gallons 



Water 94.2 

Taraol 731 (25% Active, dispersant, 12.6 

Rohm and Haas) 

Triton CF-10 (wetting agent. Union 2.5 

Carbide , Inc. ) 

Nopco NX2 (defoamer, Henkel , Corp.) 1.0 

Ethylene glycol 25.0 

Kronos 2160 (pigment, Kronos, Inc.) 250.0 

Nytal 300 (talc, Vanderbilt, Inc.) 205.8 

Rhoplex AC-235 (latex emulsion, 490.8 

Rohm and Haas ) 

Disperse the above at high speed for 15 rain. 

medium speed to incorporate. 

Nopco NXZ 1.0 

Nuocept C (preservative, Huls, Inc.) 9.0 
Ammonium hydroxide 2.0 
Thickener plus water * 86.7 



11 . 30 

1 . 37 

0 . 28 

0 . 13 

2 . 69 
7 . 60 
8.98 

55.75 



then mix at 



Total 



1180. 6 



0.13 
1.11 
0 . 27 
10 .31 

99 .92 



* Thickener dry weight: 4.1 lbs/100 gal. 



The Stormer and ICI viscosities for samples containing various amounts ol DV-4343 dispersed in the above paint 
foimuia are presented in Tables I and II. These results document that the incorporation ot between 2 - 6% by weight of 
DV-4343 into several alkali-swellable-type polymers leads to increased Stormer and ICI viscosity efficiency when com- 
pared to currently marketed products on an equal weight basis. 
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LIQUID EMULSION POLYMER TN ACRYLIC LA TEX PAINT FORMULA T-23773 



Comonomers 
(pares by weight ) ] 



2% Aqueous 
Viscosity^ 

(CP) 



Paint Properties 



Load 
(lbs/100 gal) 



Viscosity 
Stonner J ICI 4 



(KU) 



(P) 



70 



40 VA/30 MMA/30 MAA/2 DV4343 



12,750 



2 . 0 
4 .0 



78 
115 



0 . 4 
1.0 



40 VA/30 MMA/30 MAA/3 DV4343 



16 , 500 



2 . 0 
4 . 0 



82 
127 



0 . 5 

1 . 1 



20 



40 VA/30 KMA/30 MAA/4 DV4343 



40 VA/30 MMA/30 MAA/6 DV4343 



20 , 000 



28 , 500 



2.0 
4 .0 

2.0 
4.0 



90 
> 14 1 

101 
>141 



0.6 
1 . 3 

0.6 
1.5 



25 



30 VA/30 MMA/40 MAA/2 DV4343 



9 ,500 



2.0 
4.0 



72 
106 



0. 4 
0.8 



30 



30 VA/30 MMA/40 MAA/3 OV4343 



30 VA/30 MMA/40 MAA/4 DV4343 



12 ,000 



14 ,750 



2.0 
4.0 

2.0 
4.0 



90 
>141 

104 
>141 



0 . 5 

1 . 4 

0 . 6 
1.3 



35 



40 



46 



RHEOLATE 1 5 



2 , 300 



4.0 



90 



0 . 5 



1 Comonomers based on parts by weight of monomers charged. 
VA = Vinyl acetate 
MMA = Methyl raethacrylate 
MAA » Methacrylic acid 



2 Measured on Brookfield RVT Viscometer. #4 spindle at 20 rpm, pH = 9 

3 KU = Krebs Units, according to ASTM Method D562; upper limit is 141 

4 ICI cone and Plate viscometer at 10,000 sec* 1 , P - Poise. 

5 Available from RHEOX , Inc. 



2 5°C. 
KU. 



50 
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TABLE II 

LIQUID EMUT.fiTON POLYMERS IN A CRVLTC LAT FX PMHT TORHVT.n T~ 7-3771 

2% Aqueous Viscosity 

1 Viscosity 2 Load Stooier J ICI* 

(CP) 



Comonoroers 
(parts by weight) 



20 VA/40 MMA/40 KAA/2 DV4343 



7 ,000 



(lbs/100 gal) (KU) 



2.0 
4 . 0 



76 
112 



(P) 



0.4 
1-0 



20 VA/40 KMA/40 MAA/ 3 DV4343 



5 ,800 



2 . 0 
4 .0 



81 
134 



0 . 8 
1. 0 



20 VA/40 MMA/40 KAA/4 DV4343 



7 , 400 



2.0 
4.0 



85 
>137 



0 . 5 

1 . 2 



20 



20 VA/40 MMA/40 MAA/5 DV4343 



9 , 500 



2.0 
4.0 



104 
>L41 



0 - 6 
1-6 



3C 



47 . 5EA/47 . 5MAA/5DV4343 
55EA/4 0KAA/5DV4 3 43 
4 0EA/55MAA/5DV4 3 43 
RHEOLATE 1 



Acrysol TT-93S 5 
Acrysol TT-950 5 



1,500 
1 , 900 

1 . 200 

2 , 300 



2.0 

2.0 

2.0 

4.0 
2.5 
2.0 



101 
97 



90 
89 
83 



0-8 



0.5 
0.8 
0 . 6 



*0 



4£ 



1 Comononers based on parts by weight of monomers charged. 

va = vinyl acetate 
MMA = Methyl raethacrylate 
MAA = Methacrylic acid 
EA =» Ethyl acrylate 

2 Measured on Brookfield RVT Viscometer, 4< spindle at 20 rpn, pH - 9 , 25°C. 

3 KU - Krebs Units, according to ASTM Method D562; upper limit is 141 KU . 

4 ICI Cone and Plate Viscometer at 10,000 sec" 1 , P « Poise. 

5 Available from Rohm and Haas Co. 



Example 3 

so An alkali-swellable polymer using a surfactant modification of the prior art (Rohm & Haas TT-935) was compared 

for high shear viscosity and sag with a sample prepared using emulsion polymerization of vinyl acetate, methacrylic 
acid, methyl methacrylate and 3% DV-4343. 

The two polymers were used as theological additives in a standard tintable white interior flat latex paint formulation 
at loadings of approximately two to one. Results reported in Table III indicate superior high shear and sag performance 

55 for the sample made with DV-4343. 
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TABLE III 



COMPOSITION 




TT-935 


DV-4343 CONTAINING SAMPLE 


KU/ICI 






Initial 


105/0.7 


110/1.4 


Overnight 


103/0.7 


110/1.4 


Leneta Sag 


9 


18 


Leveling 


S 


4 


PH 


8.20 


6.68 



Claims 

1. A composition of matter useful as a Theological additive for aqueous compositions comprising the reaction product of 

(a) about 15 to 60 percent by weight of one or more C G -C £ a.p-ethylenically unsaturated carboxylic acid mon- 
omers. 

(b) about 15 to 65 percent by weight of one or more copolymerizable vinyl non-ionic ethylenically unsaturated 
monomers; and 

(c) about 0.5 to 25 percent by weight of one or more vinyl monomers containing an aralkyi substituted phenol 
hydrophobe. 

2. The composition of claim 1 wherein a) is about 20 to 55 percent by weight, b) is about 20 to 70 percent by weight 
and c) is about 0.5 to 10.0 percent by weight, preferably 1.5 to 5.0 percent by weight. 

3. The composition of claim 1 or 2 where c) is a vinyl arylphenol hydrophobic monomer. 

4. The composition of claim 1 wherein a) is methacrylic acid, b) is a mixture of vinyl acetate and methyl methacrylate 
and c) is Rhone-Poulenc DV-4343. 

5. The composition of claim 1 wherein a) is methacrylic acid, b) is selected from the group consisting of alkyt acrylate. 
methyl methacrylate. and mixtures thereof and c) comprises a poly(ethyleneoxy) ethyl acrylate. 

6. The composition of claim 5, wherein a) is about 1 5 to 45% by weight, b) is about 1 5-85% by weight; and c) is about 
0.5 to 10% by weight, preferably 1 .5 to 5.0% by weight. 

7. The composition of any preceding claim containing as an additional reactant a macromonomer. 

8. A process for preparing a composition according to any one of claims 1 to 7 comprising polymerizing the monomers 
(a), (b) and (c), and optionally, a macromonomer. 

9. The process of claim 8 wherein emulsion polymerisation is used to react the monomers. 

10. A thickened aqueous composition comprising a latex system containing latex, dispersible material and an effective 
Theological amount of the composition of any one of claims 1 to 7. 

11. A process of making a thickened aqueous composition which comprises: 

1 ) blending with an aqueous composition a polymer composition according to any one of claims 1 to 7. and 

2) adjusting the pH of said blend within a range of about 7 to 12 as necessary to solubilize the polymer com- 
position therein and, by doing so, to thicken the aqueous composition 
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12. The process of claim 11 wherein the thickened aqueous composition is a latex paint. 
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